INTRODUCTION
Lateral saturated subsurface flow is the dominating runoff generation mechanism in most hillslopes or catchments of the humid temperate climates (Weiler et al., 2005) but it also occurs in many semiarid regions (Newman et al., 1998; Niedda and Pirastru, 2013; Van Schaik et al., 2008) .
The most suitable approach for studying the mechanisms that govern the subsurface response of vegetated hillslopes consists of excavating open trenches or installing drains to intercept and measure directly the saturated subsurface flow moving above an impeding layer. The reason is that the measured outflow integrates the heterogeneous hydrological response of the soil in the hillslope, which can be governed by flow through the spatially and temporally variable soil macropores (Beven and Germann, 2013; Chappel, 2010) . The primary role of the macropores in determining timing, peak and volume of the generated subsurface flow has been demonstrated in different large-scale investigations, that were primarily carried out in humid or temperate climates (Anderson et al., 2009; Dusek et al., 2012; Jost et al., 2012; Uchida et al., 2004) . For example, Anderson et al. (2009) found that the hydraulic connectivity of the preferential flow network at the hillslope scale was an important factor governing subsurface flow, and they were able to determine relationships between lateral flow, hillslope length and various storm indicators. Uchida et al. (2004) found that hillslope discharge during storms was mainly due to macropore flow, which was strongly related to the crosssectional area of the upslope saturated layer.
In semi-arid regions, subsurface processes have traditionally been considered less important than surface flow for discharge production. However, models which explicitly simulate lateral saturated subsurface flow in hillslopes (Maneta et al., 2008; Niedda and Pirastru, 2015; Van Schaik et al., 2014) suggest that subsurface flow plays a key role on catchment-scale hydrology even in semi-arid regions. In any case, little information is still available about the dominant mechanism of subsurface flow generation in many semiarid environments, including the Mediterranean ones. For these regions, there is the need to sample subsurface flow in natural hillslopes and to establish sources of spatial and temporal variability.
The lateral saturated hydraulic conductivity, K s,l , is the soil property that mostly governs lateral water transport in hillslopes and it is a key parameter in many numerical models that simulate hydrological processes both at the hillslope (Dusek and Vogel, 2016; Hillbert et al., 2005) and catchment (Maneta et al., 2008; Matonse and Kroll, 2013; Niedda et al., 2014) scales. For example, K s,l has to be known to estimate soil erosion with the modified Morgan-Morgan-Finney model by Morgan and Duzant (2008) . The K s,l data used for modeling purposes should be determined in agreement with the considered flow direction. In fact, anisotropy can determine saturated conductivity differing, even greatly (four orders of magnitude or more), with the considered direction (e.g., Bathke and Cassel, 1991; Beckwith et al., 2003; Bouma and Dekker, 1981; Dabney and Selim, 1987) . This circumstance is relevant for interpreting soil hydrological processes (Montgomery and Dietrich, 1995) .
A variety of approaches can be found in the literature to determine K s,l . For example, approximate criteria, based on soil textural characteristics alone (e.g. K s,l = 2100 mm h -1 for a sandy loam soil according to Morgan and Duzant (2008) ), can be used. However, these values should be used with caution, being unverified. Various experimental techniques have been applied for small-scale estimates of K s,l . These techniques include constant-and falling-head borehole permeameter techniques specifically developed for radial flow (Reynolds, 2010 (Reynolds, , 2011 and measurements on soil monoliths (Baxter et al., 2003; Blanco-Canqui et al., 2002; Chappell and Lancaster, 2007) . Other methodologies have been developed with the specific objective to sample large to very large (dozens of m 2 ) areas, but only a few investigations of such a type can be found in the literature (Brooks et al., 2004; Chappell and Lancaster, 2007; Montgomery and Dietrich, 1995) . The K s,l determinations obtained with large-scale experiments can be expected to allow an improved representation of heterogeneity effects on the hillslope hydrological response as compared with near-point measurements. The scarcity of large-scale investigations is due to the fact that the experiments are expensive and difficult to conduct. Brooks et al. (2004) determined the hillslope-scale K s,l as a function of the water table depth below the soil surface using drainage measurements performed on a 18 m wide isolated sloped land. These authors found that K s,l increased abruptly near the surface, due to the activation of flow in the nearsurface macropores of biological origin. The reported hillslopescale estimation of K s,l was 3.2-13.7 times greater than the available small-scale measurements. Montgomery and Dietrich (1995) estimated the large scale K s,l based on the discharge from a gully cut which showed evidence of macropore flow. Their determinations were comparable with the greatest conductivity obtained by falling-head tests in piezometers. Chappell and Lancaster (2007) applied six field methods (i.e., slug test, constant-and falling-head borehole permeameter, ring permeameter, as well as two types of trench tests) to determine K s,l . The large-scale K s,l values determined by the trench percolation tests were, on average, 37 times larger than the mean conductivity obtained by slug tests made in piezometers adjacent to the trenches.
Greater values of K s,l , even by several orders of magnitude as compared with those determined at the point-scale, can be found when hydrological models are calibrated using the observed hydrologic response of the catchment (Blain and Milly, 1991; Chappell et al., 1998; Grayson et al., 1992) . These discrepancies were generally attributed to the large-scale effects of macropore flow. However, Sherlock et al. (2000) also suggested that the differences between the measured and calibrated hydraulic conductivities could be linked to offsetting effects of the conceptual simplifications of the applied hydrological model, as well as to error effects of the other parameters involved.
In summary, our experimental knowledge of lateral subsurface flow processes in semi-arid environments is still incomplete notwithstanding that there are signs that these processes can be relevant even in these environments. Large-scale experiments are rare in general although they represent an efficient way to obtain directional soil hydraulic properties functionally averaging local heterogeneities.
This study focuses on the lateral subsurface flow processes in a hillslope with a different vegetation cover in the semiarid Mediterranean climate. A continuous monitoring of the lateral saturated subsurface flow and of the water table levels was carried out for two years in two contiguous areas, one covered with natural maquis and the other covered with grass established after the maquis clearing. The specific objective was to determine the subsurface flow response and the lateral saturated soil hydraulic conductivity of the two sampled hillslopes under both natural and artificial rainfall.
MATERIALS AND METHODS

Site description
The study was performed in the Baratz Lake catchment (Giadrossich et al., 2015; Niedda et al., 2014; Pirastru and Niedda, 2013) , in North-West Sardinia, Italy. The climate is semiarid Mediterranean, with a mild winter, a warm summer and a high water deficit between April and September. The mean annual temperature is 15.8°C and the mean relative humidity is 78.7%. The minimum and maximum mean daily temperatures are 3°C and 29°C, respectively. The average annual precipitation is about 600 mm, and this falls almost all from autumn to spring. The potential evapotranspiration is around 1000 mm year -1 . The experimental area was on the steep side of a hill (Figure 1 ). It has a mean elevation of 63 m a.s.l. and it is about 60 m long. The sloped surface is roughly planar, faces north and has a mean gradient of 30%. In the upper part, the incoming overland and subsurface flows are diverted by the ditches alongside a road. At the foot, the hillslope is drained by the incised stream of the main river of the catchment area.
Two adjacent sites in the hillslope were selected for the research. One site is covered with a well-developed Mediterranean maquis (hereafter named HM site). It consists of a very dense growth of evergreen trees and shrubs with a height of The other site is an unmanaged area covered with spontaneous grass (hereafter named FG site). This area developed about 15 years ago, after maquis clearing and mouldboard ploughing to create a 15 m wide firebreak.
The soil in the hillslope is Lithic Haploxerepts. It is about 0.4-0.5 m deep and overlies a grayish, altered substratum of Permian sandstone, which is very dense. This impeding layer limits deep water percolation. The soil texture is sandy-loam according to the USDA standards.
Field observations at the sites indicate that macropores due to grass or tree roots and animal burrows are mainly present near the surface. Detailed information about the hydraulic characteristics of the soils in the HM and FG sites are reported in Castellini et al. (2016) and Pirastru et al. (2014) .
Measurement of lateral subsurface flow
Continuous hydro-meteorological data were collected at the experimental site from January 2014 to December 2015. The gross rainfall was measured every 5 minutes by a tipping bucket rain gauge (0.2 mm of resolution) in an automatic weather station 500 m away from the studied hillslope. The lateral saturated subsurface flow above the impeding layer was collected by two 2.5 m long French drains that were installed 15 m from the slope foot, as shown in Figure 1 . At the FG site, the drain was installed centrally to the grassed area, and at the HM site it was about 10 m far from the lateral maquis border. Outflow from each drain was routed in a plastic box which outlet is a 60° V-notch weir. The water head over the V-notch was measured by a stand-alone pressure transducer every 5 minutes, and related with the flow rate by the weir formula. The outgoing flow from the box dropped into an automated tipping bucket (about 2·10 -3 L/tip), thus providing a more accurate measure of the flow rate when this was smaller than 0.4 L min -1 . Twelve piezometers were hand-drilled until the impeding layer was reached ( Figure 1 ). On each hillslope, six wells were grouped in two adjacent transects positioned upslope and perpendicular to the drain. Within a transect, three wells were spaced at a distance of 1, 3 and 10 m from the drain. As a convention, the transects were denoted by the letters from A to D and the wells in each transect were progressively numbered from the top to the bottom (Figure 1 ). Each well had a diameter of 80 mm and it was screened by 0.3 m above the top of the impeding layer. The depth of the soil, as documented when drilling the wells, ranged from 0.35 to 0.45 m at the FG site, and from 0.38 to 0.44 m at the HM site. The wells were equipped with automated TDR probes (Campbell Scientific Inc. CS216 Water Content Reflectometers, two-rod model, 0.3 m rod-length and 32 mm spacing), standing vertically in the wells, whose output was recorded every 5 minutes. As the probe rods were short compared to the soil thickness, they were periodically moved up or down in the wells to maintain them always partially submerged. The relationship between the TDR output and the percentage of rod submergence was calibrated in the laboratory. This relationship, with the reference depth of the probe, was used to determine water table depths. These data were validated through manual measurements of water table depths collected in the field during site visits. The mean absolute error between the values of water level estimated by the calibrated TDR output and those measured manually in the field was less than 1 cm, and this error was considered negligible for the purposes of the investigation.
On April 2014, artificial rainfall was applied once at the FG site and twice at the HM site. In each site, a network of irrigation sprinklers was arranged in an area about 12 m long and 8 m large, located immediately upslope of the interceptor drain and including all the monitoring wells. At the HM site, irrigation water was applied below the trees to exclude interception by tree canopy.
In this site, a steady rainfall of 40 mm h -1 was applied for about 2.75 h on April 1. This irrigation was mainly made with the aim of increasing the soil moisture of the irrigated plot to a level comparable to that observed at the FG site. Two days after, a steady rainfall of 60 mm h -1 was applied for 2.7 hours at both the FG and HM sites.
Estimation of the lateral saturated soil hydraulic conductivity
The observed groundwater levels and the drained subsurface flow were used to estimate the lateral saturated soil hydraulic
], according to Childs (1971) and Brooks et al. (2004) . In particular, Childs (1971) presented a solution to groundwater flow to a transverse ditch or tile line over a sloping impermeable bed. Brooks et al. (2004) 
where T [L] is the thickness of the saturated layer, measured perpendicular to the impermeable bed, Z [L] is the water table elevation from an arbitrary datum, and s [L] is the distance along the hillslope. In this investigation, q, T, and dZ/ds were measured during field monitoring or determined using simple geometry. In this way, Eq. (1) can be solved directly to obtain a relation between K s,l and the water table depth below the soil surface.
RESULTS
Natural rainfall
Cumulative rainfall was 550 mm in 2014 and 528 mm in 2015. For the analysis, rainfall events were considered distinct if they were separated by at least 6 hours without rain, and events with less than 3 mm in six hours were disregarded. About eighty events, ranging in depth from 3.2 to 91 mm, occurred between January 2014 and December 2015. At the FG site, subsurface flow was observed during 80% of these events, mainly occurring during the autumn and spring periods. The maximum and the mean outflow volumes were about 3.6 m 3 and 1.3 m 3 , respectively, and the maximum outflow rate was 11.7 L min -1 . At the HM site, drainage was less frequent than at the FG site and the collected water volumes were scarce. In particular, the drain intercepted subsurface flow for 40% of the rain events. The maximum and the mean collected water volumes were 0.3 and 0.05 m At the FG site, a water table developed in autumn and spring only as a consequence of the greatest rainfall events. In winter, with high rainfall and low evapotranspiration, a water table steadily formed in the hillslope and, due to the high soil wetness, even small rainfall events caused piezometer responses. Figure 2 shows a boxplot of the observed water table depths at the FG site. On the contrary, the piezometer responses were almost absent at the HM site throughout the monitored period. For consistency of the analysis, only periods when all instruments were simultaneously functioning were considered. Lack of data was due to malfunctioning of some device or to water level fluctuations greater than those measurable by the TDR probes. Data from all instruments were simultaneously available for the 80% of the time during the period of occurrence of drain outflow.
The water table in the C3 well was the deepest on both years whereas the water levels in the D2 and D3 wells were the closest to the soil surface. The observed similarity between the two years of observation suggests that there was a temporal stability in the groundwater spatial dynamics in the hillslope. The piezometer responses were consistent between wells located at the same elevation in the hillslope. On both years, the lowest Spearman correlation coefficients, ρ, were detected with reference to the water levels in the C2 and D2 wells (ρ = 0.81 in 2014 and ρ = 0.92 in 2015) whereas the highest ρ values were obtained for the C3 and D3 wells (ρ = 0.96 and 0.95, respectively). Figure 3 shows a boxplot of the hydraulic gradients, dZ/ds, estimated from the water levels in the wells located 1 and 3 m far away the drain along the two established transects. The gradients used for K s.l calculation (Eq. 1) were computed as the arithmetic mean of the hydraulic gradients along the two transects near the drain. Only the wells near the drain were considered in order to have a more accurate estimate of the gradients that effectively drove the drain response. Figure 3 shows the statistical spread of the dZ/ds values. Generally, the hydraulic gradients were close to the topographic gradient, and deviations from this latter did not exceed 5% in most cases.
The relationship between water table depth and outflow was investigated in detail by checking the hydrological response of the hillslope during a sequence of distinct rainfall events. Figure 4b shows the response of the drain and the water levels in the three wells of transect C for the period from February 2 to February 5, 2014. Data from a single transect were considered for this analysis due to the detected consistence between well data for the two transects and also because similar results to those reported in Figure 4b were obtained by either considering transect D or averaging the two transects (data not shown). Lateral subsurface flow was almost absent on February 2, when 5 mm of rainfall caused a large fluctuation of the water table close to the C3 well but levels in the C1 and C2 wells varied by only a few centimeters. Seven and 8 mm of rainfall fell on February 3 and 4, respectively. The water level in the C3 well fluctuated and peaked, with a behavior similar to that observed for the previous event. For the C1 and C2 wells, water levels closer to the soil surface were observed. Both amount and peak of the outflow showed a variation between events larger than the variation in fallen rain. Therefore, a rise in water level in the C3 well alone was not enough to collect significant subsurface runoff volumes. Instead, the water table rise close to the soil surface in the drained area was a necessary condition for generation of considerable subsurface flow. A possible physical interpretation of this finding is that higher water levels increased hydraulic connectivity of the soil pore system.
The time correspondence between water table level fluctuations and drain outflow response was also detected when peaks in both drain outflow and water table rise were well identifiable (Figure 4b) . In general the increase of water table started simultaneously in all wells and the time when levels peaked also coincided among wells. The drain outflow dynamics closely followed the water table dynamics. In fact, outflow started to increase when water table began to respond, and the outflow and water table levels peaked at the same time.
To establish the best estimate of the saturated layer thickness, T, to be used in Eq. (1), an estimate of the water table depth, WTD, at a given elevation along the hillslope was obtained by averaging the two water level values and the correlation between q and WTD was checked. The lowest correlation between q and WTD (ρ = 0.86) was found for the 2014 data and the wells farther away from the drain (C1 and D1). The highest correlation was obtained by considering the closest wells to the drain (WTD 3, i.e. the average of the C3 and D3 well levels), since ρ was close to 0.93 on both years. Therefore, WTD 3 was used for the calculation of T in Eq. (1).
Taking into account the similarity of the relationships between q and WTD 3 for the two monitored years, a single q(WTD 3 ) relationship was developed by considering the q(WTD 3 ) data of both years. This relationship was clearly nonlinear ( Figure 5 ) were obtained by Montgomery and Dietrich (1995) in a soil presenting the evidence of macropore flow. The rate of change of K s,l with WTD increased by more than one order of magnitude in the passage from small (i.e., WTD > 0.17 m) to large saturated soil layers. Figure 6b shows that the K s,l data were more prone to uncertainty (higher coefficients of variation, CV) for small water table levels (high WTD values). This result was a consequence of the relatively poor correlation between q and WTD for the high WTD values ( Figure 5) . A low correlation between the trench outflow and the water table depth for low subsurface flow regimes was also observed in other experimental hillslopes (Anderson et al., 2009; Uchida et al., 2004) . The observed trend of K s,l as a function of WTD 3 was satisfactorily modelled by an exponential function (Figure 6a ). This model is in agreement with the assumption of many hydrological models, such as TOPMODEL (Ambroise et al., 1996) , that the soil transmissivity exponentially increases with the thickness of the saturated soil layer. 
Sprinkling experiment
At the HM site, the first sprinkling experiment (rainfall intensity = 40 mm h -1 ) was carried out on an initially dry soil. The drain took about one hour to respond to the rainfall input. The outflow increased throughout the duration of the experiment, until q = 0.085 L s -1 m -1 was reached at the end of the experiment (Figure 7 ). The total collected water volume was 1.6 m The second, more intense (rainfall intensity = 60 mm h -1 ) sprinkling experiment was carried out while the drain was slowly leaking. The drain responded about 30 minutes after irrigation started. Subsurface flow increased for an hour up to a steady rate of about 0.12 L s -1 m -1 , which did not vary during the subsequent hour. The collected subsurface water volume was 2.25 m 3 , which represented about 51% of the total supplied water volume. Surface runoff generated during this experiment, and its water volume was about 8% of the supplied water volume.
The two sprinkling experiments at the HM site yielded similar q(WTD 3 ) relationships (Figure 8a) . A complete saturation of the soil layer was never achieved, being 0.08 m the minimum reached water table depth. For a water table depth greater than about 0.25 m the drain response was almost absent while above this depth the outflow was highly responsive to changes in water table level. The K s,l (WTD 3 ) data points, fitted with an exponential function (Figure 8b) , closely resembled the q(WTD 3 ) relationship (Figure 8a ). During the steady outflow phase, a mean K s,l value of 3750 mm h -1 was computed for WTD = 0.1 m.
At the FG site, the sprinkling experiment (rainfall intensity = 60 mm h -1 ) was carried out on initially wet soil and while the tile line was slowly draining. The drain took about 20 minutes to respond to the rainfall input. The outflow increased for 15 minutes, until it reached a steady rate of about 0.08 L s -1 m -1 (Figure 7 ). The maximum surface runoff rate was 0.08 L s -1 m -1 . The total subsurface flow and surface runoff volumes were of about 2 m 3 , representing the 83% of the supplied water volume. The K s,l value estimated during the steady outflow phase was 3200 mm h -1 and in this case the soil was almost completely saturated (Figure 8d ). For a given water table depth, less outflow was measured at the FG site than the HM site one ( Figure  8c ). An abrupt change of the outflow rate vs. water table level relationship was observed for WTD of about 0.20 m.
DISCUSSION
Two years of continuous monitoring highlighted that the land use had a primary role in controlling the hydrological response to rainfall of the sampled hillslope. At the FG site water table and lateral subsurface flow developed and persisted for long periods throughout the rainy seasons. At this site, even small water inputs were enough to increase lateral saturated subsurface flow when the soil was wet and the water table was close to the soil surface. A similar finding was reported by McDaniel et al. (2008) . At the adjacent HM site, the groundwater response was weak, and both the peaks and the volumes of the generated outflow were very low throughout the study period. Weaker piezometer responses to rainfall in forested than grassed hillslopes have also been signalled by Germer et al. (2010) and Rockefeller et al. (2004) . This result was also in line with other investigations showing an increase in water yield in catchments where forest was partially cleared (Brown et al. 2005; Molina et al. 2012; Sahin and Hall, 1996) . At the HM site Pirastru et al. (2014) observed that 30% of the annual gross rainfall was intercepted by the canopy. This result was in line with the canopy interception values observed by other Authors under shrubs and trees in other natural semi-arid Mediterranean environments (Gallart et al. 2002; Llorenz and Domingo, 2007) . The canopy interception and the water retained by the thick litter on the soil surface create additional water storage that needs to be replenished by the rainfall. This may contribute to delay the beginning of the perched water table formation, to a point that soil saturation does not occur in years with low rainfall. At the HM site, we cannot exclude the possibility that the high canopy interception was the main cause of the almost absent saturated subsurface flow and water table rises during the natural rainfall events, also considering that annual rainfall was slightly below the average on both 2014 and 2015. For this site, a longer period of observation is probably necessary to adequately characterize the lateral subsurface flow of the soil under natural rainfall conditions. Wilcox et al. (1997) also stated that hydrological monitoring in forested semi-arid environments normally requires long periods of observation because runoff-producing events are rare and of short duration, and they only occur under infrequent conditions, such as high rainfall and high antecedent soil moisture conditions.
In both the FG and HM sites, the relationship between the lateral saturated subsurface flow and the water table level was highly non-linear, and abruptly changed for small WTDs. Abrupt changes in the relationships between subsurface storage indicators (e.g., soil moisture or groundwater levels) and the subsurface flow have been reported for different hydrological processes and spatial scales of observation (Latron and Gallart, 2008; Penna et al., 2011; Peters et al., 2003) . This investigation showed that the change in the q(WTD) relationship was linked to K s,l , which increased sharply when the water table level was higher than 0.17-0.2 m at the FG site and about 0.25 m at the HM site. This behaviour plausibly reflected the increased density of macropores near the surface, due to roots and micro-fauna activity. Moreover, the increase of the water levels increased Figure  8d is the exponential function fitted to the K s,l (WTD 3 ) data determined for the natural rainfall periods at the FG site, already shown in the Figure 6a . the possibility of a spatial connection between isolated patches of permeable soil or macropore network, thus increasing the lateral hydraulic connectivity of the soil pore system as a whole. The increase of K s,l near the surface was most apparent at the HM site compared to the FG site (Figures 8b and 8d) . Plausibly, this result was expressive of the more developed and effective macroporosity in the soil under the maquis compared to the grassed soil, in line with other studies comparing forest and cleared land soils (Alaoui et al., 2011) . In situ observations of the distribution of tree and shrub roots in the maquis indicated that fine roots were abundant close to the surface and that many coarse roots developed more in depth, spreading both laterally and vertically. This root structure contributed to increase the hydraulic conductivity of the maquis to a depth greater than that observed at the grassed site.
At the FG site, a minimum water table depth (largest saturated layer) of 0.1 m was observed during the natural rainfall periods, and the corresponding K s,l value was of 3000 mm h -1 . During the steady outflow phase of the sprinkling experiment, the water table was on average 0.03 m below the soil surface and a K s,l value of 3200 mm h -1 was estimated. In Figure 8d , this last K s,l value appears shifted to the left as compared with the exponential K s,l (WTD) relationship obtained for the natural rainfall periods. Therefore, the results of the sprinkling experiment suggested that, for water table depths smaller than those observed during the natural rainfall periods, there was a stabilization of the K s,l values, thus resulting in a flattening of the K s,l (WTD) relationship close to the soil surface. An analysis of the relationships between K s,l and the subsurface flow rates observed with both the natural and artificial rainfall at the FG site ( Figure 9a ) better clarified this finding. The increases of K s,l with q was less than proportional and a power function with an exponent of 0.82 well described this behaviour. In the range of the outflow rates observed during the natural rainfall, there was a good agreement between the K s,l (q) data points obtained for these periods and those corresponding to the sprinkling experiment. However, beyond this range, the highest K s,l (q) values that were estimated with the sprinkling experiment exhibited a less steep pattern, indicating that the increase of K s.l was slower when the water table was closer to the soil surface. A similar flattening of the K s,l (q) relationship was observed by Montgomery and Dietrich (1995) , who found that K s,l increased sharply with q for low discharge values but it was relatively stable at the highest observed discharges. These authors explained the observed behaviour by the progressive filling of macropores that became full of water at the highest discharges. In agreement with Montgomery and Dietrich (1995) , Figure 9a suggests that the capacity of the soil pore system to transmit flow downslope reached the maximum during the sprinkling experiment. Conversely, the full potential of the system was not reached during the natural rainfall periods. At the HM site, the saturated conductivity estimated during the steady outflow phase of the sprinkling experiments was in line with the exponential K s,l (WTD) relationship obtained by considering the transient phases of the same experiments ( Figure  8b ). Figure 9b also suggests that, despite the high applied rain intensity and the intense drain response, the full potential of the maquis soil in transporting the lateral subsurface flow was only partially explored. For this soil, it is reasonable not to exclude the possibility that K s,l continues to increase up to the soil surface, as observed for example by Brooks et al. (2004) . Brooks et al. (2004) highlighted the need to introduce simplifications in the experimental methodology for estimating K s,l at the hillslope scale, in order to make the method more suitable for routine determinations. A possible simplification could be using the topographic gradient instead of the hydraulic gradient dZ/ds in Eq. (1). This suggestion stems from the observation that the water table was almost parallel to the surface for most part of the time (Figure 3) . Figure 10 shows that, with the topographic gradient instead of dZ/ds in Eq. (1), the absolute errors in K s,l did not exceed 20% and they were smaller than 10% for K s,l > 500 mm h -1 . In this investigation, a 2.5 m long drain was used to intercept flow from a non-isolated portion of the hillslope notwithstanding that both sampled sites (HM and FG) were appreciably wider (Figure 1) . Therefore, the sampling scheme was different from that by Brooks et al. (2004) , since these authors used a long drain (18 m) to collect all subsurface flow generated in an isolated hillslope plot. Assuming that flow was perfectly perpendicular to the drain could not be totally exact, since some lateral convergence or divergence of the saturated flow pathways cannot be excluded. However, the results of this investigation were consistent with those by Brooks et al. (2004) . In particular, there were signs that macropore contribution to the hydrological response of the hillslope was adequately captured since rapid flow was found to be particularly noticeable when the water table was close to the soil surface. Moreover, the experimental setup used at the HM and FG sites is simpler to replicate in other hillslopes than the one involving hydraulic isolation of the plot and interception of all subsurface flow. Therefore, the experimental methodology used at the Baratz Lake catchment potentially appears a good method to develop other databases in different environments, which is expected to improve our general knowledge of subsurface flow processes. Evidently, further investigations are advisable to test the assumption of perpendicular flow used in this approach, also establishing what happens with drains differing in length.
CONCLUSIONS
The experimental investigation was carried out to characterize the lateral saturated subsurface flow processes in a hillslope with two plots covered with Mediterranean maquis and grass, respectively. The spatially variable water table levels and the lateral saturated subsurface flows drained at the basis of the hillslope were used for determining relationships between the large-scale lateral saturated soil hydraulic conductivity, K s,l , and the thickness of the water table above the impeding layer. The K s,l sharply increased when the water table level was close to the soil surface, where macropores were mostly present. Probably, high water table levels were necessary in the drained area to make large-scale hydraulic connection of the macropore system effective. Further experimental work is need to confirm the role of the macropores in controlling the K s,l at the studied hillslope. For example, near point determinations of the vertical profile of hydraulic conductivity should be carried out to increase our confidence that a depth-dependent macroporosity was responsible of the detected hydrological response of the hillslope.
In situ experiments for large scale K s,l estimation, such as that illustrated in this paper, are expensive and time consuming. For catchment-scale hydrological studies near-point K s,l determinations remain the only feasible way to obtain spatially distributed K s,l data. In the studied hillslope it would be interesting to carry out a distributed point sampling of the hydraulic conductivity and compare the results with the large scale K s,l . In fact, using K s,l resulting from this study as a benchmark, may increase knowledge on the way a distributed point sampling should be planned to obtain useful information for interpreting and simulating subsurface hydrological processes at the hillslope scale.
